A smock and duck suit made of PVC-coated fabrics were tested. The smock was the warmer of the two garments, having significantly higher microclimate temperatures; this as well as cost and ease of dressing may account for its continued popularity, although it hampers leg movements and has the highest wind resistance of all the garments tested. Because ofthese drawbacks more attention has been devoted to the trousered garments, as it is considered that if they can be designed in such a way that they retain the advantages of the smock then their inherent mobility will result in the best all-round garment. Two of the garments had thermal insulation incorporated: one was a two-piece design, the other a one-piece foamed neoprene boiler suit. Physiological tests on the two garments demonstrated that the thermal insulation w4s effective. However, when the distribution of the subject's sweat between evaporated and that retained in the clothing was examined and compared withthat for the duck suit, it was found that the proportion retained in the clothing was significantly higher than that for a duck suit. What had happened, therefore, was that the objective of making the garment warmer had been achieved but at the expense of some other desirable feature, namely the ready evaporation of sweat. A re-design was therefore called for which normally would have meant more physiological tests. It is, however, possible to make comparative measurements of the rate of air exchange between the microclimate and the ambient air using the gas dilution technique. Doing this and treating the trunk and trousers as two compartments it was found that the trunks of the two garments had low rates of exchange. The effect of sizing was also checked by using a smaller subject and it was found that incorrect sizing of the two-piece garment was probably in part responsible for the diminution in sweat evaporation. The trousers of the two garments had higher rates of exchange, although below that ofthe smock.
Garments used by the fishermen now are negatively buoyant and some degree of positive buoyancy must be incorporated into any new design. The method we are adopting is to distribute the buoyancy over the whole garment. This avoids large pads of buoyant material and also contributes to the insulation provided by the garment. There are about 1 6 million workers employed in the construction industry and one million ofthese are employed in trades likely to involve a considerable amount ofoutdoor work.
A report on the incidence of incapacity for work through illness published by the Ministry of Social Security in 1965 showed that building site workers were 22% more likely to incur arthritis and rheumatism than the average British industrial worker and 18% more likely to incur bronchitis. It follows that there can be severe financial loss to the industry and the country from absence fromwork due to illness. It becameapparent that the main method of dealing with the situation was to design adequate weather-protective clothing and the Ministry of Public Building and Works decided to hold a national design competition for such clothing. The information gained during laboratory and site tests ofdifferent types of clothing was published by the Ministry of Public Building and Works in 1968.
Until the winter of 1966, a thick wool melton donkey jacket and denim or cotton drill trousers were the main garments of workers on construction sites throughout Great Britain. In adverse conditions the insulation value of these garments could drop to as little as 10% of their value in cold, dry and still conditions. Criteria for improving designs were adequate thermal insulation together with ventilation of the outfit according to the rate of heat production of the individual. It was also necessary to design clothing which gave the workers sufficient mobility. The colour of the garments has gained importance particularly in poor light conditions as an increasing amount of moving machinerywas being used on construction sites. Pocket facilities were necessary and it was essential that they did not present a hazard to safety, that personal possessions and tools could be carried safely and that they did not compromise the water impermeability required of the outer layer. Finally, it was essential that the clothing should be acceptable to the wearer from the point of view both of appearance and of the items mentioned above.
Research into materials showed that the most suitable currently available at a reasonable price appeared to be nylon with a polyurethane coating. This material provided the waterproof property, and to deal with warmth a lightweight high-insulation foam bonded to nylon was used for a detachable lining.
The need for purpose-designed industrial clothing is being increasingly felt due to increasing overheads and labour costs and, whilst there is always a resistance to change, attitudes of mind are also changing and more workers in all industries are receiving better protective clothing. Coalminers encounter a wide variety of working conditions. Some seams are very hot and humid while others are wet and cold. Cold stress is particularly important at the bottom of downcast shafts and in the main intake roadways where high air velocities are constantly present.
It is seldom extremely cold underground, even in winter, but the importance of wind speed may be appreciated when it is realized that an air movement of 800 ft (244 m) per minute, with an air temperature of 46°F (8°C), imposes upon a man a cold stress equivalent to that produced by an air movement of 20 ft (641 m) per minute, with an air temperature of 32°F (0°C). The physiology branch of the National Coal Board have been working for some time in an effort to design suitable protective clothing for men working in these cold and windy conditions. The clothing was required to be windproof but nevertheless allow the wearer to work hard without the accumulation of excessive sweat inside the clothing. The cloth had to be hard-wearing, unaffected by dust or grease, light in weight and easily cleaned.
Several types of cloth and designs of suit have been assessed in working conditions underground and the best has proved to be a two-piece suit consisting of trousers and jacket closed by elastic at the wrist, ankles and waist. It is not possible to obtain a cloth which is windproof without at the same time leading to some accumulation of sweat.
The best compromise is found to be nyloncoated with an inner layer of microporous polyurethane. This material is reputed to allow perspiration to take place by diffusion through the micropores. Although no experimental evidence has been published which confirms this theory, the material has nevertheless been found to be acceptable in practice.
One difficulty has arisen which has not yet been completely solved. There is no doubt that external clothing of material such as nylon results in the accumulation of an electrostatic charge which may induce an electrical discharge or spark from the wearer. This possible hazard precludes the use of protective clothing of this type in any environment which might contain explosive mixtures. Antistatic coatings for nylon are not available and the only solutions to this problem are to include approximately 20% of cotton in the cloth or to ensure that the wearer is provided with electrically conductive boots. Materials other than nylon might be considered but do not appear to have the same hard-wearing properties. We suspect that this problem of static electricity associated with the use of clothing woven from man-made fibres may not be sufficiently realized throughout industry as a whole.
